The development of superconducting Maglev system has been making steady progress through vehicle running tests on the Yamanashi Maglev Test Line. Tests are now being implemented to prove the reliability and durability of the system, reduce construction costs and verify the vehicle's aerodynamic characteristics. The development of a guideway structure has been proceeded with, aiming at cost reductions and improvements in system functions.
For the Yamanashi Maglev Test Line, three types of sidewall were adopted for the guideway structure. These were of the panel, beam and directly-attached coil types. The purpose of adopting these sidewalls was to evaluate their functions, merits and demerits. We have developed a new type guideway structure based on the evaluation of the three types of sidewall. As one of the priorities was to reduce the cost of construction, we placed an emphasis on improving the efficiency with which the sidewall can be fixed to the concrete roadbed. The development requirements were as follows. (a) The guideway structure should be composed of modules of a precast-concrete sidewall and have ground coils attached to its surface. We considered every aspect of the above criteria and ultimately adopted an inverted-T-shaped sidewall. The sidewall is fixed to the concrete roadbed by four supports. Since it played a very important part in the above requirements being met, we would like to report in detail on the design of the support featured in the new guideway structure.
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The new guideway with an inverted-T-shaped sidewall is a precast product made of reinforced concrete and has a unit length of 12.6m. The sidewall is fixed to the concrete roadbed with four supports, each tightened with two anchor bolts. Before the sidewall is fixed, cement asphalt (CA) mortar is used as filler between the support and the concrete roadbed. The ground coils attached to the sidewall's surface are composed of double layers of propulsion coils and levitation coils. The levitation coils are supported on the substructure of the sidewall, to directly transmit the vehicle load to the substructure. The substructure extends in the direction of the rail (Fig. 1 ). Three types of sidewall, the panel, beam and directly-attached coil type, were adopted as guideway structures for the Yamanashi Maglev Test Line. We evaluated their merits and demerits and developed a new type guideway structure based on the results. Emphasis was placed on improving the efficiency of attaching the sidewalls onto the concrete roadbed as a means to reduce construction costs. We discussed the installation efficiency of several sidewall shapes from all aspects, and eventually adopted an inverted-T-shaped sidewall, fixed to the concrete roadbed by four supports. This paper reports the design of the support in detail, as it is a very important component of the new guideway structure. The new guideway support is composed of the CA mortar filler between the substructure and the concrete roadbed, and anchor bolts that fix the substructure to the concrete roadbed. The support has an important role to play in securely transmitting the vehicle load to the concrete roadbed and always keeping the sidewall firm and stable. The life of a reinforced concrete sidewall is estimated to be about 60 years, while that of a ground coil is about 30 years. In other words, sidewalls must be renewed once every 30 years to replace the coils. Sidewalls must also be readjusted to compensate for guideway irregularities. Because such work is carried out at night, after which train operations must be resumed within a short period of time, the CA mortar filler between the substructure and the concrete roadbed must gain its material strength very rapidly. For commercial use, we selected a CA mortar mixture that reaches its highest possible material strength one hour after the start of mixing. Figure 2 shows the compressive strength of the CA mortar. We could incorporate a material strength of 1.2N/mm 2 one hour after the start of mixing into the design. Furthermore, we carried out freezing, thawing and ultraviolet ray irradiation tests to confirm that there were no problems in the durability of the CA mortar. The vibration mode of the sidewall is affected by the spring rigidity of the support. We investigated the correlation between the spring rigidity of the support and the natural frequency of the sidewall by numerical analysis, and verified that the spring constant of the support must be higher than 100,000kN/m to avoid resonance at vehicle speeds below 550km/h (Fig. 3) . We used the general-purpose Dynamic and Impact Analysis for Railway Structure (DIARIST) program in the numerical analysis. We measured the spring constant of the new CA mortar mixture and that of hard rubber, which were the materials that determine the spring rigidity of the support and it became clear that the sidewall would resonate if hard rubber were to be used in the support. On the other hand, the spring constant of the new CA mortar mixture was about 10 times that of hard rubber (Fig. 4) . Accordingly, we adopted CA mortar as the filler material for the support to avoid any resonance in the sidewall. We carried out a laboratory horizontal load test using a demonstration model to ascertain the frictional force of CA mortar when resisting the horizontal load perpendicular to the rail. The coefficient of friction between the CA mortar and the concrete roadbed is shown in Figure  5 . This figure shows that the value of the frictional coefficient is 0.3 to 0.4 depending on the bearing stress acting on the CA mortar. When the above friction coefficient was taken into consideration, it was confirmed that, if the anchor bolt is fastened at five tons of axial force, the frictional proof force beyond the horizontal power exerted on the sidewall by a vehicle in operation can be obtained. Furthermore, even if a bearing force of five tons was applied to the anchor bolts, the total bearing stress added to the weight of the sidewall and the vertical force of a vehicle in operation did not exceed the 1.2 N/mm 2 mentioned above. Therefore, we decided to fasten the anchor bolts to five tons one hour after starting mix the CA mortar. If the superconducting properties of the on-board magnet are lost for any reason while the vehicles are in operation, a horizontal force occurs to the guidance wheel path of the sidewall at right angles to the rail direction. In such a case, we restricted the rail misalighnment at the sidewall joints to within six millimeters. Since ground coil irregularities perpendicular to the rail direction are limited to three millimeters, the displacement of the sidewall at right angles to the rail direction must be kept to three millimeters or less. For this reason, we performed a horizontal static load test using a demonstration sidewall model that was one support wide, and reflected the measured displacement of the sidewall perpendicular to the rail direction in the design of the support. To analyze the reduction in axial force of tightened anchor bolts quantitatively, we carried out a cyclic loading test using a demonstration sidewall model. This model was one support wide, and had a load of two times the design value applied 5 million times at the center of the sidewall in the horizontal direction at a frequency of 3 Hz (Fig. 6 ). Figure 7 shows the historical data of the axial force of the anchor bolt. The axial force decreased by 8 % when the anchor bolt was left for one day, by 12 % after it was loaded 50,000 times and remained stable thereafter. We decided to fasten the anchor bolts again after several days in the actual execution work, because the decrease in their axial force became stable several days after the first fastening. In the demonstration model test, the hole in the fastening part was filled up with a fast-hardening mortar after the anchor bolt was fastened. In commercial use, the mortar filler must be removed to permit the renewal of sidewalls or the realignment of the guideway, but this removal work is inefficient and requires industrial waste treatment processes. With a view to avoiding these problems, we developed a special reusable spacer to be placed in the hole, which is easy to use and remove. Figure 8 shows the special globular-shaped spacer made of highstrength mortar that makes it possible to fix anchor bolts at an optional position in the hole. We implemented a demonstration model test of the sidewall to confirm that the special spacer had a strength significantly higher than the design load. In order to monitor the axial force of the anchor bolts, we examined a method of detecting it using supersonic waves. To begin with, we compared the axial force calculated by using a strain gauge posted on the surface of an anchor bolt with the readings taken by a commercially available supersonic axial force meter. There were errors of 2 to 3 tons between the two values. Then, we improved the supersonic axial force meter's sensor and measured the axial force by a specified wave. By using this method, dispersion was eliminated, making the axial force calculated by the strain gauge almost the same as that read by the meter (Fig. 9 ). 
Conclusion Conclusion Conclusion Conclusion Conclusion
We introduced an inverted-T-shaped sidewall developed for the new guideway, having aimed at cost reductions and functional improvements, especially with regard to the support which was an important point in the design. It was confirmed that the fundamental characteristics of the new guideway were appropriate by demonstration model tests. Consequently, 12 sidewalls were laid for about 75m on the open section of the Yamanashi Maglev Test Line. Through vehicle running tests using these sidewalls, we are comprehensively verifying the validity of the Maglev system with regard to vehicle vibration, riding comfort, dynamic response, magnetic drag and other characteristics.
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